Coccidioidomycosis is a systemic infection caused by the dimorphic fungi Coccidioides immitis and Coccidioides posadasii. It can occur as a severe disease that can be fatal (Capilla et al. 2009 ). Approximately 40% of cases occur as a pneumopathy that is difficult to differentiate from bacterial pneumonia, which can lead to the inappropriate prescription of antibiotics and delayed diagnosis (Ampel 2010) .
It is estimated that there are approximately 50,000 cases of coccidioidomycosis requiring medical treatment annually in the United States (Stern & Galgiani 2010) . In Brazil, coccidioidomycosis is an endemic disease in the semi-arid region of the country (Sidrim et al. 1997 , Cordeiro et al. 2006b , 2010 . This paper reports an outbreak in this region among armadillo hunters, with diagnosis based on epidemiological characteristics and confirmed by laboratory techniques. This research was approved by the human research Ethical Committee of São José Hospital of Infectious Diseases (protocol 22/2011).
The cases occurred in the municipality of Santa Quitéria (4º19'55″S 40º9'25"W) in the state of Ceará (CE). In June 2010, a father and son, aged 48 and 13 years, respectively, were hospitalised in a facility specialising in infectious diseases after presenting fever, thoracic pain, coughing and dyspnoea for the previous 11 days.
Pulmonary auscultation demonstrated bilateral crepitations. The patients were hospitalised for four days in Santa Quitéria with a diagnosis of bacterial pneumonia. Ceftriaxone was prescribed with no improvement. Admission tests included radiographs revealing perihilar and basal infiltrates and inconclusive biochemical and haematological tests. In the 13-year-old patient, a thoracic ultrasound revealed pleural effusion with a volume of 380 mL. The attending staff requested an immunological and mycological evaluation from the Specialized Centre for Medical Mycology (CEMM) of the Federal University of Ceará (UFC).
The therapy was then changed to amphotericin B (50 mg/day, intravenously). Both patients improved and were released from the hospital and prescribed fluconazole (450 mg and 300 mg/day, orally, for father and son, respectively). The staff at CEMM analysed the collected clinical specimens within a level 3 biosecurity structure. Additionally, a group of qualified professionals from CEMM went to Santa Quitéria to identify for new cases of the disease. Blood samples were taken from 13 armadillo hunters in the region and from one dog that accompanied them. Soil samples were also collected from the hunting site.
In July 2010, one of these hunters, a 46-year-old man, was hospitalised at the same hospital, suffering from thoracic pain associated with fever and night sweating for the previous 21 days. Pulmonary auscultation showed no alterations. Trimethoprim/sulphamethoxazole and cephalexin were prescribed, with no improvement. Admission tests included radiographs with nodular opacities in the pulmonary parenchyma and nonspecific biochemical and haematological tests. A sputum culture was performed on Sabouraud agar in the hospital laboratory and revealed Key words: pneumonia -coccidioidomycosis -micro-epidemic -diagnosis colonies compatible with C. posadasii. The material was sent to the CEMM. Treatment with fluconazole (400 mg/ day, intravenously) was initiated and after five days the patient no longer reported clinical symptoms.
At CEMM, sputum samples from the three cases were assessed by microbiological examination. Optical microscopy of the clinical specimens revealed spherules with thick cell walls containing and releasing endospores (Figure) . Subsequently, the clinical specimens from the three patients were cultured on Sabouraud agar, Sabouraud supplemented with chloramphenicol and Sabouraud supplemented with chloramphenicol and cycloheximide, each of which resulted in the growth of white, cotton-like colonies.
Radial immunodiffusion tests were performed against the commercial antigen of Coccidioides sp. produced by Immy Immunodiagnostics and against the in-house antigen produced by CEMM (Brilhante et al. 2008 ). The radial immunodiffusion assay yielded positive reactions for four of the armadillo hunters (3 of whom had been hospitalised) against the Immy Immunodiagnostics antigen as well as the antigen prepared in-house. The serum samples from the dog and the other hunters were negative.
Furthermore, the three isolates were identified by single polymerase chain reaction (PCR) with the primers Coi9-1F and Coi9-1R (Umeyama et al. 2006) , according to the methodology described by Cordeiro et al. (2010) . The PCR amplified a 634-bp sequence, which indicated the presence of the species C. posadasii, in all samples. Additionally, the 18S-28S region of the nuclear ribosomal DNA was sequenced. Initially, this region was amplified with the primers ITS4 and ITS5, as described by White et al. (1990) . The amplification products were visualised by 1% agarose gel electrophoresis. Once the specificity of the amplification was confirmed, the PCR products were purified with GFX PCR DNA and Gel Band Purification kits (GE Healthcare Life Sciences, Buckinghamshire, UK). DNA sequencing was performed with GFX TM PCR DNA and gel band purification kits (GE Healthcare Life Science, Buckinghamshire, England), following the protocol provided by the manufacturer. Sequencing reactions were then analysed in a MegaBACE 1000 automatic sequencer (GE Healthcare Life Sciences, Buckinghamshire, UK). Sequences were identified by similarity with isolates previously deposited in GenBank (ncbi.nlm.nih.gov/Genbank), as determined by BLAST (Altschul et al. 1990 ). The molecular analysis of the strains from the hospitalised patients demonstrated the presence of sequences that were 100% identical to those of C. posadasii deposited in GenBank.
The association between armadillo hunting and coccidioidomycosis is well-documented in the literature (Sidrim et al. 1997 , Cordeiro et al. 2010 . Therefore, tests for this mycosis should be performed on patients from endemic areas who report, even for a short period, symptoms of pneumonia (Kwok et al. 2009 ). Clinical diagnosis of coccidioidomycosis can be difficult (Kim et al. 2009 ), particularly in regions that are endemic for tuberculosis, such as CE, making laboratory analysis mandatory.
Serological tests are relatively easy to perform and do not require hazardous direct handling of the fungus (Saubolle et al. 2007) . Four of the sera tested were positive for coccidioidomycosis. These results confirm the applicability of this method to epidemiological inquiries in endemic areas.
Research efforts have been directed at developing more rapid and specific methods to diagnose this disease, such as molecular biological techniques (Cordeiro et al. 2006a , Castanon-Olivares et al. 2007 ). The identification by PCR reported here confirmed the mycological diagnosis rapidly and safely.
Nineteen soil samples from the hunting site were processed (Sidrim et al. 1997) . After approval by the animal research Ethical Committee of UFC (protocol 77/09), male Swiss mice were inoculated intraperitoneally with a suspension containing the soil samples and then observed for 15 days. Blood samples were taken from the animals for radial immunodiffusion against the Coccidioides sp. antigen. The mice were euthanized and fragments were removed from the lungs, liver and spleen. These were cultured onto potato dextrose agar and subjected to histopathological analysis. However, the immunodiffusion assay did not produce any positive results and culture of the sampled organs did not demonstrate any fungal growth. The histopathological analysis only indicated a nonspecific acute inflammatory process.
The investigation of soil samples from endemic areas is important, considering that digging is typical of armadillo hunting and causes the dissemination of fungal conidia, facilitating their inhalation (Sidrim et al. 1997) . Some studies have shown that the frequency of sick individuals can be as high as 90% after earthquakes or among workers performing excavation at building or archaeological sites (Schneider et al. 1997 , Crum et al. 2004 ). The use of animal models to demonstrate the presence of Coccidioides spp in soil samples has been described by several authors, such as Greene et al. (2000) , but a low fungal recovery rate is obtained from this type of sample (Egeberg et al. 1964 ). The
Aspect of a spherule of Coccidioides posadasii in a direct examination by optical microscopy in the sputum of a hospitalized patient. recovery rate can be improved with the use of molecular tools such as semi-nested PCR (Macêdo et al. 2011 ) and multiplex PCR (Lauer et al. 2012) .
It is important to state that all of the hospitalised patients were hunting together at the same site within an endemic municipality, which may indicate that this particular site presents a higher concentration of conidia. The armadillo hunting described was performed in a region with appropriate conditions for fungal development, including a semi-arid climate, rainfall below 800 mm/ year, high temperatures, extended periods of drought, alkaline soils and xerophytic vegetation (IPECE 2007) .
Additionally, the incidence of coccidioidomycosis continues to increase and primary coccidioidal pneumonia accounts for 17-29% of all cases of communityacquired pneumonia in endemic regions (Thompson 2011) . In fact, endemic mycoses are important, but often overlooked causes of community-acquired pneumonia and delays in recognition, diagnosis and proper treatment frequently lead to disastrous outcomes (Hage et al. 2012) . Therefore, comprehension of the varied aspects of coccidioidomycosis remains a challenge that requires ongoing investigation, particularly in regions endemic for this mycosis.
